Leptospirosis has been recognized as the disease of the dogs. The prevention of canine leptospirosis can block the transmission of the etiological agent to humans. Commercial vaccines prevent not only clinical leptospirosis but also the renal carrier state in dogs. Thus in this present investigation, the humoral immune response of the vaccinated dogs with the multivalent vaccine (Megavac-6) was analyzed. Enzyme linked immunosorbent assay (ELISA) with preparations of 2 whole cell lysate, 2 leptospiral LPS, 4 purified recombinant proteins were used to test sera from 30 dogs vaccinated with MEGAVAC-6, a commercial vaccine practiced by the animal husbandary Departments in Tamilnadu. All 30 sera were positive by ELISA with whole cell lysate of Canicola and Icterohaemorrhagiae, and ELISA with Canicola LPS, Icterohaemorrhagiae LPS; antibody titres ranged from 20 to ≥10,240. Although there was less frequent reactivity of sera with recombinant antigens, antibodies to LipL32 and LigA were detected in 25 (83.3%) serum samples. Less frequent reactivity was noted when recombinant GroEl, LK73.5 antigens were included separately in ELISAs. The highest MAT titre was observed against the serovar Canicola and Icterohaemorrhagiae. The more reactivity against LPS may be due to the dominance of serovar specific leptospiral LPS, which may be the dominant immunogenic antigen in inactivated bivalent leptospiral vaccines. Eventhough LPS is the dominant antigen. It is serovars specific and hence recommends the incorporation of the locally circulating serovars in vaccine for its efficient use. The efficiency at this point can be increased by the use of subunit vaccines rather than recombinant proteins as such. The present study has proposed certain epitopes with increased antigenic potency.
Introduction
Leptospirosis is one of the most common bacterial zoonoses worldwide [1] . It occurs most frequently in developing countries of tropical and sub tropical regions that have relatively poor sanitation and waste disposal practices [2] (WHO 2003). Humans and animals become infected when they are directly exposed to pathogenic Leptospira from other infected animals or indirectly by contact with soil or water that has been contaminated with the urine of animals shedding the organism. There are several animal reservoirs that allow the organisms to be maintained in the environment [3] [4] [5] [6] . Historically leptospirosis was recognized as a disease of dogs before it was known in any other animal species, including humans [7] . L. interrogans Canicola and Icterohaemorrhagiae were considered as the most significant serovars for canine leptospirosis worldwide [8] . Although acute leptospirosis may result in death of the dog, those that survive may harbor the leptospires in their kidneys, becoming persistent shedders of the leptospires in urine. Infection of humans with Canicola and Icterohaemorrhagiae have been connected with the coexistence and close contact between dogs and humans resulting in the transmission of the etiological agent among veterinarians, dog breeders and dog owners. Several severe epidemics of human leptospirosis have been reported most likely due to exposure to Canicola infected dogs' urine contaminated flood waters [9] . haemorrhagiae infection in dogs is believed to have decreased because of the wide spread use of canine vaccines against these two serovars [10] . Most commercial vaccines against canine leptospirosis are chemically inactivated whole cell vaccines. In the 1980s and 1990s the efficacy of the available commercial vaccines in preventing not only clinical leptospirosis but also the renal carrier state in dogs and other animal species was extensively discussed, since in some this efficacy was questioned [11, 12] .
Thus in this present investigation the humoral immune response of the vaccinated dogs with the multivalent vaccine (Megavac-6) was analyzed. The humoral immune response of the vaccinated dogs against the leptospiral whole cell lysate, lipopolysaccharide (LPS), recombinant LipL32, GroEL, LK73.5 and LigA was assessed in different time intervals.
Methods

Animals
Blood samples were collected from dogs attending the Government Veterinary Hospital, Department of Animal Husbandry, Palakari. Dogs of both sex, different breeds and age were chosen from the dogs brought to the hospital from in and around Tiruchirapalli district, Tamilnadu. The samples were screened for the presence of specific antibodies against Leptospira with serological assays (ELISA and MAT) prior to immunization (sample number: DVI). Only animal negative for leptospiral antibodies were included in the study. Such animals were assigned for vaccination. At the time of vaccination all dogs were healthy, based on pulse, temperature and clinical examination. This study was approved by the Department of animal husbandry, Chennai, Tamil Nadu with the vide reference number 77721/JJ/09 dated 2.12.2009.
Commercial Vaccines
MEGAVAC-6 is the commercial vaccine currently supplied by the Government of Tamilnadu for vaccinating the dogs. It is a multivalent vaccine containing freeze dried form of canine distemper, canine contagious hepatitis and canine parvo virus. Apart from this the aqueous vaccine also consists of inactivated Leptospira serovars Canicola and Icterohaemorrhagiae.
Vaccination and Serology
Vaccines were administered subcutaneously either at the chest wall or between the shoulders. Based on the serological analysis (i.e., negative by MAT) 30 animals were selected for receiving vaccination. All the dogs were vaccinated twice with 3 weeks interval. Beginning with the second vaccination (DV-II), blood samples of all the dogs participating in the study were collected after each immunization. The last sample (DV-IV) was taken after the booster vaccination administered (375 ± 3) days after the first immunization. Blood was drawn either by cephalic or sephaneous vein puncture as per the physicians' direction. The collected blood samples were allowed to coagulate centrifuged at 3500 ×g for 15 mins and the resulting sera were stored at −20˚C.
Antigen Preparation
L. interrogans serovar Canicola and Icterohaemorrhagiae were grown in EMJH medium to the desired density of 1 -2 × 10 8 organisms/ml. The culture thus obtained was centrifuged at 10,000 ×g for 10 mins. The supernatant was discarded and pellet resuspended and washed twice with sterile PBS (pH 7.4). Ultrasound disruption of L. interrogans was performed on ice at 35 W for 10s repeating it for 10 mins. The sonicated preparation was centrifuged at 10,000 ×g at 4˚C for 10 min. The supernatant thus obtained was subjected for acetone precipitation. The protein concentration was measured using BCA protocol.
Leptospiral LPS was extracted by phenol-water extraction (PW) method as described earlier [13] . Lyophilized leptospiral cultures (0.15 mg dry weight) were suspended in 100 ml of water at 68˚C, mixed with an equal volume of 90% (wt/vol) phenol-water, and shaken for 15 min, cooled in an ice bath, centrifuged at 3000 xg for 10 min, and the aqueous layer recovered. The phenol layer was re-extracted with water twice. The aqueous layers were collected, dialyzed against running water, centrifuged at 105,000 ×g for 1 h, and the LPS pellet was lyophilized and dissolved in MQ and estimated as per Duboi's method (1956) [14] . The recombinant LipL32 and GroEL were produced in our laboratory and procedure described elsewhere. Recombinant proteins including LigA and LK73.5 utilized in this study was the kind gift of Prof. John F. Timoney, University of Kentucky, USA.
Serological Analysis
The microscopic agglutination test (MAT) was performed using 13 leptospiral reference serovars-Australis (JezBratislava), Autumnalis (Bankinang), Ballum (Mus127), Bataviae (VanTienen), Canicola (HondUtrechIV), Grippotyphosa (MoskvaV), Hebdomadis (Hebdomadis), Icterohaemorrhagiae (RGA), Javanica (VeldratBataviae46), Sejroe (Hardjoprajitno), Pomona (Pomona), Pyrogenes (Salinem), and Tarassovi (Perepilitsin). All these serovars were received from the Leptospira WHO Reference Centre, Port Blair and maintained with periodic subculture 
Enzyme Linked Immunosorbent Assay (ELISA)
IgG ELISA was done following standard procedure [17] to assess the humoral immune response of the vaccinated dogs against various Leptospira antigens including sonicated whole cell lysate of Leptospira interrogans serovar Canicola, Icterohaemorrahagiae, recombinant proteins LipL32, GroEL, LigA, LK73.5 and leptospiral LPS. Antigens were coated in each well (1 µg/well) of the flatbottomed polystyrene microtitre plates and they were kept overnight at 4˚C. The antigen coated plates were rinsed three times with PBS/Tween 20 (PBST). Then blocked with 4% non-fat milk and incubated at 37˚C for 1 hour. After washing, the serum samples were diluted in doubling dilutions starting from 1:10 and the plates were incubated for 1 hr at 37˚C. After incubation the plates were washed with PBST and incubated with 100 µl of conjugate in 1:4000 dilutions (Anti-Dog IgG-HRP conjugate, Sigma) at 37˚C for 1 h. Finally 100 µl of Ortho Phenelene Diamine (OPD) substrate was added to all the wells and the reaction was stopped by adding 50 µl of 2 N sulfuric acid. The OD was read at 490 nm.
Prediction of B-Cell Epitope
Protein sequences of LipL32, LigA, LK73.5 and GroEL of L. interrogans were obtained from NCBI and were subjected for BCPreds [18] . BCPred identifies common B-cell epitopes. The epitopes with BCPreds score of >0.8 and VaxiJen score >0.4 were predicted as highly immunogenic epitope that can be used for the preparation of subunit vaccines.
Results
Animals
Of the 74 dogs analyzed, 17 (23%) reacted positive for L. interrogans antibodies by MAT. The infection rate was 16.2% (12 animals) and the remaining 5 animals (6.8%) had vaccine induced antibodies. Seropositivity was not accompanied by any clinical signs of illness. 57 of 74 dogs tested were chosen for vaccination study. The 57 dogs were divided into 2 groups: Group A (n = 30) received vaccine as per the vaccination schedule; Group B (n = 27) served as seronegative controls and not administered with vaccine.
Serological Analysis of the Control Animals
Using the control animals a MAT titre of 1 in 20 was considered as the cut-off titre. Following vaccination, the MAT titre raised above the cut-off titre confirming an induction of the humoral immune response by the vaccine (Figure 1) . As expected the highest titre was observed against the serovar Canicola and Icterohaemorrhagiae. In ELISA, the cut off OD (Mean + 2SD) for Canicola sonicated antigen, Icterohaemorrhagiae sonicated antigen, Canicola LPS, Icterohaemorrhagiae LPS, rLipL32, rGroEL, rLigA, rLK73.5 was calculated and found to be 0.147, 0.131, 0.134, 0.126, 0.132, 0.125, 0.130 and 0.129 respectively. The samples having titres greater than the cut off OD were considered positive for the presence of leptospiral antibodies (Figure 2 ).
Serological Analysis of Vaccinated Dogs
Thirty sera from vaccinated dogs were analyzed separately with whole cells or recombinant antigens. All 30 sera were positive by ELISA with whole cell lysate of Canicola and Icterohaemorrhagiae, and ELISA with Canicola LPS, Icterohaemorrhagiae LPS; antibody titres ranged from 20 to ≥10,240. Although there was less frequent reactivity of sera with recombinant antigens (Table  1) , antibodies to LipL32 and LigA were detected in 25 (83.3%) cases. Less frequent reactivity was noted when recombinant GroEl, LK73.5 antigens were included separately in ELISAs. In general the proportions of positive sera were highest in ELISAs that contained the whole cell lysate of Canicola and Icterohaemorrhagiae followed by Canicola LPS, Icterohaemorrhagiae LPS, and recombinant antigens including LipL32 and LigA in separate analysis. Geometric mean titres were elevated when sera were screened in ELISAs with whole cell and LPS antigens (Figure 3) . Maximal antibody titres (≥10,240) were recorded when dog sera were tested with whole cell antigen of Canicola and Icterohaemorrhagiae.
Prediction of B-Cell Epitope
The sequence of all the proteins analysed by VaxiJen v2.0 server gave scores showing the proteins as antigenic in nature. The BCPreds predicted the epitopes for B-cell response. The epitopes with VaxiJen scores >0.4 were considered as antigenic. Finally 9 out of 16 epitopes from LK73.5, 2 out of 7 from LipL32, 2 out of 6 from LigA and 8 out of 14 from GroEL were predicted as epitopes of B-cell response ( Table 2 ).
Discussion
Canine leptospirosis occurs worldwide and it is usually caused by L. interrogans serovar Canicola and Icterohaemorrhagiae. Canine leptospirosis surveillance is an important tool to detect the circulating serovars and it is very essential for the preparation of new vaccine candidates and also to avoid the risk of human exposure. The prevalence of leptospiral serovars significantly varied from country to country and the prevention of leptospirosis without vaccination is fairly difficult. Commercial Leptospira vaccines are available globally for cattle, pigs and dogs but vaccination will be effective only if the locally prevalent serovars were included in the preparation. Thus leptospiral animal vaccines are prepared using two or more locally prevalent serovars in their inactivated form. In this regard serovar Canicola and Icterohaemorrhagiae has been reported for canine and animal leptospirosis in Tamilnadu [16] and consequently Megavac-6, the commercially available vaccine contains the inactivated L. interrogans serovar Canicola and Icterohaemorrhagiae. Due to paucity of the data on the humoral immune response of Megavac vaccinated dogs and the efficiency of the vaccine, the present study is unique in its kind. ELISA was carried out to demonstrate the immune response of vaccinated dogs using whole cell lysate, purified LPS and recombinant proteins as antigens. Twenty one days after primary vaccination a considerable level of immune response was observed and a maximum level of antibody was observed after 21 days from booster vaccination. Leptospiral whole cell lysates and LPS elicited a high level of antibody response compared to other antigenic preparations. The MAT results also envisaged a better humoral immune response with a high antibody titre of 1 in 10,240 for the serovar Canicola.
Such high level of antibody titre against whole cell lysates and LPS as detected by ELISA may be due to the presence of whole cell inactivated antigenic preparation of the leptospiral serovars Canicola and Icterohaemorrhagiae in the Megavac-6. Moreover leptospiral LPS act as a predominant antigen rather than any other proteins and hence the results indicate the protective efficiency of LPS. More studies are required to arrive for a firm confirmation.
Several studies have indicated LipL32 and LigA as immunodominant proteins; the low level of antibody titre against these proteins seems surprising. The possible reasons for such results may be that these proteins may excessively be responsible during in vivo infection of leptospires. Secondarily the low antigenic property of the whole protein as predicted from the VaxiJen score can thus be correlated to the slightly reduced reactivity of the proteins in ELISA. The highly antigenic epitopes would have been buried in the complex structure of proteins and thus unavailable for induction of immunogenic response and consequently reduced immune response in vaccinated dogs.
The results of the present study revealed a serovar specific nature. Further the DV-IV samples showed the declining phase of the antibody level for the various antigenic fractions indicating a need for annual revaccination to prevent the dogs from leptospirosis. Since the vaccines largely confer serovar-specific immunity, continuous epidemiological monitoring of the prevalent Leptospira serovars in a zone or region is desired to select the correct serovars for incorporating them in to vaccine [19] . Such underlying difficulties can be trounced over by the use of subunit vaccines designed with the predicted epitopes of the major leptospiral proteins. Such vaccine candidate can promise increased specificity and antigenic potency than that of attenuated live vaccines or recombinant pro-
